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Description 

The present invention relates to a programmabie 
element for a semiconductor IC (integrated circuit) 
chip. 

An element utilizing the electrical brealcdown of 
an Insulating layer thereof for storing information has 
been proposed. That Is, a conduction established In 
the insulating layer by electrical breakdown Is assig- 
ned to either logical '1' or "0" In binary notation. Such 
a programmable element was first disclosed by one of 
the co-Inventors of the present invention and Is des- 
cribed in the Japanese Patent No.1195815 of March 
12, 1984. Other subsequent patent applications relat- 
ing to progranrunabie elements of this type have been 
filed, including a Japanese patent application 
published under No. 60-74669, April 26, 1985. dis- 
closing the structure and fabrication processes of a 
PROM (programmable read only menrtory) and a 
mask ROM, and a United States patent application 
filed September 2, 1986, disdo^ng a structure of a 
PROM and a write operation for protecting non-selec- 
ted memory cells from erroneous write-in. A com- 
prehensive presentation of the programmable 
element was given at the 1985 lEDM (International 
Electron Device Meeting), Washington, DC, under 
the title of "A NEW PROGRAMMABLE CELL UTIUZ- 
ING INSULAR BREAKDOWN" by the co-inventors. 

The programmable element, which is hereinafter 
named BIG (Breakdown of Insulator for Conduction) 
cell, has a structure comprising an Insulating layerfor- 
med between a couple of electrode layers. Typical 
applications of BiC cell include memory cells for a 
PROM (programmable read only memory) and 
switching means for a redundancy circuit (a row or 
column of a memory cell array) in a RAM (random 
access memory). In a PROM, for example, each of 
BIC cells is fonned on a semiconductor substrate so 
as to be associated with a corresponding one of 
anrayed transistors or diodes formed in the substrate, 
and thus, constitutes a memory ceil disposed in a mat- 
rix arrangement The memoiy cell Is progranuned 
when the insulating layer of the BiC ceil is broken 
down by a voltage applied thereto. In thfi memory ceil, 
the BIC cell can be formed directly on the associated 
transistor or dtode in the manner that the impurity dif- 
fusk>n layer for the drain or coDectorof the transistor, 
for Instance, is used as one of the electrodes of the 
BIC cell. This means that a BIC cell can have a struc- 
ture stacked on each MIS FET, constituting a memory 
cell together, and hence, does not require a particular 
chip area therefor in contrast with prior art programm- 
able elements such as fuses or PN Junctions used In 
a conventional PROM. Hence, an increase in the 
packing density of the PROM can be achieved by 
using BIC cells. 

The BIC cell is designed so as to have a program- 
ming voltage, l.e. breakdown voltage of the insulating 



layer, which is in a predetermined voltage range. That 
is, the upper limit of the breakdown voltage must be 
lower than that of other circuit elements, typically, the 
PN Junction formed by the aforesaid N* impurity diffii- 

6 sion layer and the P-Vpe substrate, for example. The 
lower limit of the breakdown voltage must be higher 
than the normal operating voltage, the read-out volt- 
age of a memory cell, for example, in order to avoid 
erroneous programming of non-selected memory 

10 ceils during the read operation. Accordingly, the 
breakdown voltage of the insulating layer is to be In 
the range firom 10 to 20 volts. In general. 

The insulating layer of prior art BIC ceils is formed 
by oxidizing a doped-polysllicon layer. The above- 

15 mentioned Japanese patent discloses that a silicon- 
oxide layer fonned from a doped-polysflicon layer 
implanted with arsenic atoms to a dose of about 
MO^VcPT^ exhibits a breakdown voltage of 30 to 
about 50 volts for a thickness of 120nm. 

20 However, the breakdown voltage of a silicon- 
oxide insulating layer formed by oxidizing such a do- 
ped-poiysiiicon layer Is relatively high as 25 volts and 
distributes with a range as broad as ± 7 volts. Further, 
the resistance of the BIC ceils thus fabricated has a 

25 relatively high value ranging between 1 kohms and 1 0 
kohms. This high resistance is provided by the polysi- 
licon layerwhich acts as a resistor after the write oper- 
ation. The high resistance inevitably results in a low 
speed in the read operation of memory cells each 

30 comprising a programmed BIC cell. 

On the other hand, a silicon-oxide layerfonmed by 
themnaliy oxidizing a single-crystal-slltcon substrate 
cannot be used for a BIC cell, as briefly discussed 
below. The electric field threshold for the Intrinsic 

35 breaiolown of silicon dioxide (SiOj) such as silica is 
approximately 10 MV/cm. Therefore, it seems that a 
programming voltage of 10 to 15 volts in the BIC cell 
could easily be achieved by creating a silicon-dioxide 
layer having a thickness of 10 to 15 nm. However, 

40 there }s a mode of breakdown which is considered to 
be due to a certain type of lattice defect in the silicon- 
oxide layer, and lower breakdown thresholds dis- 
tributing around 3 MV/cm are revealed. This means 
that BIC cells in a non-selected memory cell should 

45 erroneously be programmed by a low voltage, such as 
5 volts, applied to the silicon-oxide layer during the 
readout operation, for example. 

It Is, therefore, an object of the present Invention 
to provide a programmat>le element or BIC cell which 

50 can be stably programmed by a predetennined write- 
in voltage. 

It is another object of the present invention to pro- 
vide a BIC cell having an improved insulating layer. 
According to the invention, these and other 
66 objects are reached by a programmable element com- 
prising : a lower eledrode layer fonmed on a sub- 
strate ; an insulating layer composed of at least two 
dielectric material Alms, for example a relatively thin 



3 



EP 0224 418 B1 



4 



silicon-dioxide fiim and a reiativeiy thick silicon-nitride 
fiim, the dieiectric material fiims being successively 
formed on the lower electrode layer; and an upper 
electrode layer formed on the insulating layer, the 
upper electrode being separated from the lower elec- 
trode by the Insulating layer, such that the programno- 
able element Is provided with a conduction path 
between the lower and upper electrodes when a volt- 
age capable of causing an electrical breakdown In the 
insulating layer is applied between the lower and 
upper electrodes. 

Further objects, features and advantages of the 
present invention will become more apparentfirom the 
following description made with reference to the 
accompanying drawings wherein : 

Fig. 1 is a cross-section Olustrating a fundamental 
configuration of a prior art BIC cell ; 
Rg. 2 is a cross-section illustrating another c(m>- 
figuration of a prior art BIC cell ; 
Fig. 3 is a cross-section Illustrating a BIC cell 
comprising an H*- region which is commonly 
shared with a MIS FETfonmed together on a sub- 
strate ; 

Rg. 4 is a cross-sectk)n schematically illustrating 
a conduction path formed in the insulating layer of 
a prc^rammed BIC ceil ; 
Figs. 5 and 6 are equivalent circuits respectively 
corresponding to a BIC cell before programming 
and after programming ; 
Rgs. 7A to 7G are cross-sections illustrating a 
method for fabricating a BIC ceil according to an 
embodiment of the present Inventksn ; and 
Fig. 8 is a cross-section Olustrating a BIC celt 
according to another embodiment of the present 
inventton. 

Fig. 1 is a cross-section illustrating a fundamental 
configuration of a prior art BIC cell comprising a lower 
electrode 1 formed on a substrate 2 such as a silicon 
iC chip. An Insulating layer 3 is fbnmed as shown in 
Fig. 1 so as to electrically isolate the electrode 1 ftom 
the substrate 2. Another insulating layer 4 Is formed 
to cover electrode 1 . The Insulating Iayer4 Is asDicon- 
dtoxide layer formed by oxidizing the electrode 1 
which is made of a polysllicon layer, for example. An 
upper electrode 5 Is fonmed as shown in Fig. 1 so as 
to overiap the lower electrode 1 with the intervention 
of the Insulating layer 4. The upper electrode 5 can be 
made of a conventional electrode material such as 
aluminum (Al), molybdenum (Mo) or platinum (Pt). 

If a BIC cell is selected to be programmed, a volt- 
age large enough to cause an electrical breakdown of 
the insulating layer 4 is applied between the elec- 
trodes 1 and 5, hence a conduction path connecting 
the electrodes Is formed in the Insulating layer 4. As 
already mentioned, If the polysllicon layer constituting 
the electrode 1 is doped with arsenic atoms by an Ion 
implantation, for example, to a concentration up to 
IxlO^^/cm^, a silicon-dioxide layer 4 having a thick- 



ness of about 120 nm can be programmed with the 
application of a voltage of 30 to 50 vdts. 

Fig. 2 is a cross-sectton illustrating another con- 
figuration of a prior art BIC cell, with a lower electrode 

5 fonmed by an impurity diffusion layer 6 such as an 
region formed In a P-type-silicon substrate 7. In this 
case, an insulating layer 9 having a contact hole 8 to 
expose the N*^ region 6 therethrough Is fonned on the 
substrate 7. Another insulating layer 10 is fbnmed to 

10 cover the region 6. The insulating layer 10 may be a 
silicon-dioxide layer of a thenmaiiy-oxldized-polysiil- 
con layer (not shown) formed on the region 6, as dis- 
closed in the above-mentioned Japanese patent 
No.1195815 and patent application No.60-74669. An 

16 upper electrode 11 of aluminium, for example, Is for- 
med on the insulating layer 10. 

The impurity diffuston region 8 as shown In Fig. 2 
may be an (or P^) region of a diode or a drain region 
of a MIS FET (metal insulator semiconductor field 

20 effect transistor) formed In a semiconductor sub- 
strate. Rg. 3 is a cross-section niustrating such a BIC 
cell comprising an region commonly shared with a 
MIS FET, the BIC cell and the MIS FET being fonned 
together on a semiconductor substrate for constltut- 

25 Ing a memory cell. Referring to Fig. 3, the BIC cell 
comprises an region 12 fonned in a semiconductor 
substrate 1 3, an Insulating layer 14 fbnmed on the reg- 
ion 12 and an upper electrode 15 formed on the 
insulating layer 14, and thus, has a configuration 

30 essentially similar to the one of the BIC cell of Fig. 2. 
The region 12 also constitutes the drain region of 
a MIS FET comprising an source region 18 and a 
gate electrode 17. Thus, the N*^ region 1 2 is comnK)nly 
shared by the BIC cell and the MIS FET. In Fig. 3, 

35 reference numerals 18, 19 and 20 respectively desig- 
nate afield oxide layer, an Insulting layer and a source 
electrode. It is obvious from Fig. 3 that there is no 
need for any Incrementel chip area for the BIC cell 
sharing the region 12 with the FET. Thus, the BIC 

40 cells can be fonmed on the semiconductor substrate 
without decreasing the packing density of the FETs. 

The BIC cell Is programmed when a voltege pulse 
Is applied between the tower electrode and the upper 
electrode so as to cause a breakdown In the Insulating 

45 layer therebetween. Thus, a conductton path 21 conrv 
posed of the upper electrode of aluminum, for 
example. Is esteblished between the electrodes, as 
shown in Rg. 4. Uke reference numerals designate 
like or conrespondlng parts In Figs. 3 and 4. Figs. 5 

60 and 6 are equivalent circuite respectively correspond- 
ing to a BIC cell before progranvning and after prog- 
ramming. Before programming, the insulating layer 22 
of a BIC cell Is non-conductive, as shown In Fig. 5. 
While, once a breakdown Is caused therein, the circuit 

55 of Fig. 5 changes to a conductive stete represented 
by a resistence R, as shown In Fig. 6. If the non-con- 
ductive state is assigned to logical "0* and the con- 
ductive stete to logical *1 **, the Insulating layer of a BIC 
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ceil to be programmed as logical "1" Is broken down 
by a voltage pulse. 

When a plurality of such cells are disposed in X 
and Y directions so as to form a matrix arrangement, 
the cells which are programmed store logical ^'l** data 
and non-programmed cells store logical ''O" data, thus 
forming a programmable read only memory (PROM). 
The data are read out by applying a read out voltage 
to each of the cells and detecting a cnirrent flowing 
through each cell. Cells each having a detected cur- 
rent flowing therethrough are defined as to be in logi- 
cal "r state and cells having no detected current are 
defined as to be in logical "0* state. 

A BIC cell as shown In Fig. 2 can be used as a 
switching means for a redundant circuit In a semicon- 
ductor integrated circuit. When a memory cell array of 
an Integrated semiconductor memory device includes 
a defective memory cell, the array can be replaced by 
an equivalent redundant memory cell array provided 
In the memory device. Refening to a BIC cell as 
shown in Rg. 2, If the region 6 has been Internally 
connected to a redundant memory cell anray and the 
upper electrode 1 1 is connected to a read/write circuit, 
the redundant memory cell array can be acthrated by 
causing a breakdown In the insulating layer 10. 

Figs. 7A to 7G are cross-sections illustrating the 
various steps in the process of fabricating a BIC cell 
according to the invention. The present Invention BIC 
cell has a structure as shown in Fig. 7G, wherein the 
insulating layer 31 comprises a first dielectric film 32 
and a second dielectric film 33. That is, In an embo- 
diment according to the present invention, a double- 
layer-structured Insulating layer Is provided between 
a lower electrode 34, which is an region fonmed in 
a semiconductor substrate 35, for example, and an 
upper electrode 36. The first dielectric film 32 and the 
second dielectric film 33 are respectively formed from 
different dielectric materials : the first dielectric ma- 
terial film 32 is composed of silicon nitride (Si3N4) and 
the second dielectric material film 33 Is composed of 
silicon dioxide (SIO2). for example. In Fig. 7G, the 
reference 37 designates an insulating layer com- 
posed of a PSG (phosopho-sillcate glass), tor 
example. The PSG layer 37 Is formed to cover the 
substrate 35 and has an opening therethrough to exp- 
ose the region 34. 

In the above, a P-type well formed in an N-type- 
snicon substrate may be substlhjted for the substrate 
35. As in a prior art BIC cell, the BIC cell according to 
the lnventk)n as shown in Fig. 7G, is programmed by 
applying a voltege pulse between the electrodes 34 
and 36 so as to cause a breakdown in the insulating 
layer 31. 

The fabrication steps of the BIC cell shown in Fig. 
7G will now be described. Referring to Fig. 7A, a sili- 
con-dioxide (SiO^ layer 38 having a thickness of 
about 20 nm, for example, is fomned on a P-type 
single crystal silicon substrate 35 by oxidizing the sub- 



strate at about 950X. A resist mask layer (not shown) 
is fonmed on the substrate 35 and patterned to expose 
a predetermined region of the substrate 35. Then, 
arsenic ion implantation is performed in the substrate 
5 by using the resist mask layer. Thus, arsenic atoms 
(As) are selectively Implanted In the substrate 35, as 
schematically represented by a dotted line 39 in Fig. 
7B. Exemplary conditions for the As ion Implantetion 
Include Ion energy of lOOKeV and dosage of 4x10^^ 
10 Ions/cm? for the As ions. 

The resist mask layer (not shown) and the Si02 
layer 38 are removed and another Si02 layer (not 
shown) having a thickness of about 20 nm Is fonmed 
on the substrate 35 by using a conventional oxidation 
IS at about 950°C. Then, a PSG layer 37 having a thick- 
ness of about 1 micron Is fonmed on substrate 35 by 
using a conventional CVD (chemical vapor depositon) 
method, for example, as shown in Rg. 7C. The PSG 
layer 37 is selectively removed to form a contact hole 
40 to expose the As ion Implanted region 39, as 
shown In Fig. 7D, by using a conventional dry etching 
method. The substrate 35 Is, then, heated in an inert 
afrnosphere such as nitrogen gas (N2) for about ten 
minutes at 1050^ so as to provide the step at the 
periphery of the oontect hole 40 with a gentle stope. 
The Implanted As atoms 39 are activated to form an 
U* region In the P-type substrate 35 during the above 
thenmal process. 

A Si3N4 film 32 having a thickness In the range 
between 5 and 20 nm is fonmed on the substrate 35 
and patterned to cover the contact hole 40 as shown 
in Fig. 7E, and then, a SiOafilm 33 having a thickness 
in the range between 0.5 and 10 nm is formed on the 
Si3N4 film 32, as shown in Fig. 7F. Preferably, the sili- 
con nitride film 32 has a thickness larger by a factor 
in the range of 1 to 40 than that of the silicon-dioxide 
layer 33. The SlOz film 33 may be provided by oxidi- 
zing the surface of the Si3N4 film 32. Following the 
above, a layer of a conducting material such as a 
metal or a metel alloy including aluminium, molyb- 
denum or platinum, Is fonmed on the substrate 35 by 
using a conventional thin film technology, sputtering, 
for example, and patterned to provide a wiring layer 
36. Thus, a BIC cell in accordance with the embodi- 
ment shown in Rg. 7G is fabricated. As In prior art BIC 
cells, the Impurity diffusion region 34 may constitute 
a drain region of a MIS FET formed In the substrate 
35. 

Fig. 8 shows another embodiment of a BIC cell 
according to the Invention, wherein the SlOsfilm 33 is 
fonmed prior to the patterning of the SI3N4 film 32 and 
patterned together with the SiaiS^ film 32. Each of BIC 
cells shown In Fig. 7G and Fig. 8 reveals desirably low 
programmlng-voltege characteristics and ON-stete 
resistence in the programmed stete. The progranr>- 
ming voltege, l.e. the breakdown voltage of the 
Insulating layer 31, Is as low as 18 volts compared 
with 25 volte of the prior art BIC cell as shown In Figs. 
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2 or 3 with a narrow distribution such as ± 1 volt In con- 
trast to a broad distribution such as ± 7 volts In the 
prior art BIC cells. The resistance of the Insulating 
layer 31 of the progranmied BIC cell Is as low as 500 
ohms compared with 1 kohms to 1 0 kohms in the prior 5 
art BIC ceils. 

As a variant, the insulating layer 31 of the BIC cell 
according Id the Invention may comprise an upper 
dielectric film 33 of Si3N4 and a lower dielectric film 32 
of Si02 Instead of the upper Si02 film 33 and thelower io 
SI3N4 film 32 of Rg. 7G, or may have a triple-layer 
structure consisting of upper and lower Si02 films and 
an Intermediate SI3N4 film, for example. In this last 
case, the upper silicon-dioxide film may be fbrmed by 
partially oxydlzing the intermediate silicon-nitride film, is 

The reason why a low and stable programming 
voltage is achieved in the present Invention BIC cells 
having a composite Insulating layer as described 
above is not elucidated yet This may possibly be due 
to the low leak current characteristic of the SiOz film 20 
and the less concentration of local field In the 8(3!^ 
film. That Is, a SI02film has a high resistivity before it 
is electrically broken down. On the other hand, a SbNU 
film reveals a relafively large leak current flowing 
therethrough. The leak current in the Si3N4 film Is con- 25 
sidered to be carried through traps existing in the 
SisN^ film and serves to reduce the concentration of 
local field to be established due to the lattice defects 
In the film. Accordingly, such a breakdown at a low 
field strength as caused in a thin SIO2 film as men- 30 
tioned before Is not usually revealed In SI3N4 films. 
However, the leak cunrent in a Si3N4 film has so large 
a value as to cause an erroneous operation in a circuit 
comprising a number of BIC cells if the Insulating layer 
consists only of a S13N4 film. 35 

A BIC cell of the present invention comprises a 
relatively thick Si3N4 film and a relatively thin SlOsfilm, 
wherein the relatively thick SIsNa film withstands the 
operating voltage until the write-in voltage is applied 
thereto, and the relatively thin Si02 film prevents the 40 
leak current to flow through the BIC eel). Accordingly, 
it is obvious that the composite Insulating layer of the 
present invention BIC cell Is not limited to the combi- 
nation such as SIO2/SI3N4 and Si02/Si3N4/Si02 but 
any different Insulating films having properties for 46 
exerting the same effects as those of Si02 and Si3N4 
films, respectively, can be exmployed to be substi- 
tuted therefor. 



Claims 

1. A programmable element fbr a semiconductor 
Integrated circuit chip, comprising a lower electrode 
layer (34) formed on a substrate (35) ;afirst Insulating 55 
layer (31)formed on the lower electrode layer ;and an 
upper electrode layer (36) formed on the first insulat- 
ing layer, the upper electrode being separated from 



the lower electrode by the first Insulating layer, 
whereby the programmable element Is provided with 
a conduction path between the lower and upper elec- 
trodes when a voltage capable of causing an electri- 
cal breakdown In the first insulating layer Is applied 
between the lower and upper electrodes, 
characterized in that said first Insulating layer (31) is 
composed of at least two films (32,33) of dielectric ✓ 
materldls, successively formed on said lower eleo- 
b-ode layer (34), said dielectric material filn^ having 
respecth^e specific dielectric constants difTerent from 
each other. 

2. A programmable element according to daim 1 , 
wherein one of said dielectric films Is a sDlcon-nitride 
fibn (32). 

3. A programmable element according to any one 
of claims 1 and 2, wherein one of said dielectric films 
is a silicon-dioxide film (33). 

4. A programmable element according to any one 
of claims 1 to 3, wherein said first insulating layer 
comprises a relatively thin silicon-dioxide film (33) 
and a relatively thick silicon-nitride film (32). 

5. A programmable element according to any one 
of the preceding daims, wherein one of said dielectric 
films Is a silicon-nitride film (32) having a thickness In 
a range from 5 nm to 20 nm. 

6. A programmat)le element according to any one 
of the preceding daims, wherein one of said dielectric 
films is a silicon-dioxide film (33) having a thickness 
In a range from 0.5 nm to 10 nm. 

7. A programmable element according to any one 
of the preceding daims, v/herein said substrate (35) 
Is a semiconductor substrate having a conductivity 
type and said lower electrode (34) Is an impurity dif- 
fusion layer fomfted in said semiconductor substrate, 
said impurity diffusion layer having a conductivity type 
opposite to that of said semiconductor substrate, and 
said programmable element further comprises a sec- 
ond insulating layer (37) fonmed on said semiconduc- 
tor substrate, said second Insulating layer having a 
contact hole selectively fomned therein to expose said 
impurity diffusion layer (34), said first Insulating layer 
(31) being formed on said contact hde so as to cover 
said exposed impurity diffusion layer and said con- 
duction path is established between said impurity dif- 
fusion layer (34) and said upper electrode (36) by 
applying a voltage therebetween. 

8. A programmable element according to daim 7, 
wherein said second insulating layer (37) is com- 
posed of a phospho-sDicate glass. 

9. A programmable element according to any one 
of claims 7 and 8, wherein said Impurity diffusion layer 
(34) constitutes a drain region of a MIS FET (metal- 
insulator-semiconductor field-effect-transistor) for- 
med in said semiconductor substrate. 

10. A programnnable element according to any 
one of the preceding daims, wherein said first insulat- 
ing layer (31) Indudes a silicon-nitride film (32) and a 
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slllcon-dfoxide film (33), said sillcon-nltride film (32) 
having a thickness larger by a factor in the range from 
1 to 40 than that of said saicon-dioxide film (33). 

11. A programmable element according to any 
one of the preceding claims, wherein said first insulat- 
ing layer (31) comprises an underiying silicon-nitride 
film (32) and an overiying siIIcon-diO}dde film (33). 

12. A programmable element according to claim 
11, wherein said overiying silicon-dioxide film (33) is 
formed by partially oxidizing said underiying sDloon- 
nitride layer (32). 

13. A programmable element according to any 
one of dainrts 1 to 10, wherein said first Insulating 
layer comprises an underiying silicon-dioxide film and 
an overiying silicon-nitride film. 

14. A programmable element as set forth in claim 

13, wherein said first Insulating layer further com- 
prises another silicon-oxide film formed on said over- 
lying silicon-nitride film. 

1 5. A programmable element as set forth In claim 

1 4, wherein said another silicon-oxide film on said sili- 
con-nitride film Is fonmed by partially oxidizing said 
silicon-nitride film. 

16. A programmable element according to any 
one of the preceding claims, wherein said upper elec- 
trode (36) is composed of a metal or metal alloy. 
Including aluminium, molybdenum or platinum. 



Anspruche 

1. Programmierbares Bementfur ein integriertes 
Halbleiterschaltungschip, mit einer unteren Qektro- 
denschlcht (34), die auf einem Substrat (35) gebOdet 
1st ; einer ersten Isolierenden Schlcht (31), die auf der 
unteren Elektrodenschlcht gebildet ist; und einer 
oberen Elektrodenschlcht (36), die auf der ersten iso- 
lierenden Schlcht gebildet 1st, welcheobere Elektrode 
von der unteren Bektrode durch die erste isolierende 
Schlcht getrennt Ist, wodurch das programmierbare 
Qement mit einem Leltungsweg zwischen den unte- 
ren und oberen Elektroden versehen 1st, wenn eine 
Spannung, die einen elektrischen Durchbmch In der 
ersten isolierenden Schlcht zu verursachen fahig ist, 
zwischen den unteren und oberen Qektroden aufge- 
brachtwlrd, 

dadurch gekennzelchnet, daft die erste isolierende 
Schlcht (31) aus wenlgstens zwei Fllmen (32, 33) aus 
dielektrischen Material len zusammengesetzt ist, die 
sukzessiv auf der genannten unteren Elektrode (34) 
gebildet sind, welche Filme aus dieiektrischem Mate- 
rial Jewells spezlfische dielektrische Konstanten 
haben, die voneinander verschieden sind. 

Z Programmierbares Element nach Anspruch 1, 
bei dem einer der genannten dielektrischen FOme ein 
Saiclumnitridfilm(32)lst 

3. Programmierbares Element nach einem der 
AnsprOche 1 und 2, bei dem einer der genannten 



dielektrischen Filme ein Silidumdioxidfiim (33) Ist 

4. Programmierbares Bement nach einem der 
Anspruche 1 bis 3, bei dem die genannte eiste Isolie- 
rende Schlcht eInen relatlv dQnnen Sillciumdtoxidfam 

6 (33) und eInen relatlv dicken SHIclumnltridfilm (32) 
umfa&t 

5. Programmierbares Element nach einem der 
vorhergehenden Ansprtiche, bei dem einer der 
genannten dielektrischen Rime ein Siliciumnitridfilm 

10 (32) Ist, der eine DIcke im Bereich von 5 nm bis 20 nm 
hat. 

6. Programmierbares Element nach einem der 
vorhergehenden AnsprQche, bei dem einer der 
genannten dielektrischen Filme ein Siliciumdioxidfilm 

15 (33) Ist, der eine DIcke im Bereich vom 0,5 nm bis 10 
nm hat 

7. Progranranlerbares Element nach einem der 
vorhergehenden AnsprOche, bei dem das genannte 
Substrat (35) ein Halbieltersubstrat Ist, das einen Leit- 

20 fahigkeitstyp hat, und die genannte untere Bektrode 
(34) eine Verunreinigungsdiffusionsschicht ist, die in 
dem genannten Halbieltersubstrat gebildet ist, die 
genannte Verunrelnlgungsdiflusionsschlcht einen 
teitfihigkeits^p entgegengesetzt zu jenem des 

25 genannten Halbleitersubstrats hat, und das genannte 
programmierbare Element femer eine zweite isolie- 
rende Schlcht (37) umfa&t, die auf dem genannten 
Halbieltersubstrat gebildet ist, welche zweite isolie- 
rende Schlcht ein Kontaktloch hat, das selektiv darin 

30 gebildet 1st, um die genannte VerunreinigungsdifFu- 
sionsschicht (34) zu exponieren, die genannte erste 
isolierende Schlcht (31) auf dem genannten Kontakt- 
loch gebildet ist um so die genannte exponierte Ver- 
unrelnigungsdifrusionsschteht zu bedecken, und der 

35 genannte Ljeitungsweg zwischen der genannten Ver- 
unreinigungsdiflusionsschicht (34) und der genann- 
ten oberen Elektrode (36) durch Aufbringen einer 
Spannung dazwischen hergestellt wird. 

8. Programmierbares Element nach Anspruch 7, 
40 bei dem die genannte zweite Isolierende Schlcht (37) 

aus einem Phosphorsilikatglas besteht 

9. Programmierbares Bement nach einem der 
AnsprQche 7 und 8, bei dem die genannte Verunrei- 
nigungsdiffusionsschlcht (34) einen Drainbereich 

45 eines MiS-FET-(Metail-lsolator-Halbleiter-Feldeffekt- 
transistors) bildet der in dem genannten Halbleiter- 
substrat gebildet ist 

10. Programmierisares Element nach einem der 
vorhergehenden Anspruche, bei dem die genannte 

so isolierende Schlcht (31) einen Siliciumnitridfilm (32) 
und einen Silidumdioxidfiim (33) umfa&t der 
genannte Siliciumnitridfilm (32) eine DIcke hat die um 
einen Faktor im Bereich von 1 bis 40 groiter als jene 
des genannten Sillciumdioxidfilms (33) ist 

55 11. Programmiert>ares Bement nach einem der 
vorhergehenden AnsprOche, be! dem die genannte 
erste Isolierende Schlcht (31) einen unten llegenden 
Siliciumnitridfilm (32) und einen oben llegenden SIIh 
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dumdioxkJfilm (33) umfa&t. 

12. Programmlerbares Element nach Anspmch 
11, bei dem der genannte oben liegende Sillciumdio- 
xidfilm (33) durch teOwelses Oxidieren der genannten 
unten Ifegenden sniciumnitridschicht (32) gebildet i$t 

13. Programmierbares Element nach einem der 
Anspruche 1 bis 10, bei dem die genannte erste iso- 
lierende Schicht einen unten liegenden Siliclumdio- 
xldfilm und einen oben liegenden 

^ I Silidumnitridflln^mfaflt. 

14. Programmierbares Element nach Anspruch 

13, bei dem die genannte erste isolierende Schicht 
femer einen anderen Siliciumoxidfilm umfadt, derauf 
dem genannten oben liegenden Silicumnltrldfllm 
gebildet ist 

15. ProgFanrunierbares Element nach Anspruch 

14, bei dem der genannte andere Siliciumoxidfilm auf 
dem genannten sniciumnitridfllm durch teQweises 
Oxidieren des genannten Siliciumnitridfiims gebildet 
ist 

16. Programmierbares Element nach einem der 
vorhergehenden AnsprQche, be! dem die genannte 
obere Eiektrode (36) aus einem Metall oder einer 
Metallegierung einschlieaiich Aluminium, Molybdan 
Oder Platin gebildet ist. 



Revendicatione 

1. Element programmable pour puce d circuit 
Int^r^ semiconducteur, comprenant une oouche 
d'Slectrode infdrleure (34) formde sur un substrat 
(35) ; une premiere couche isolante (31) formSe sur la 
couche d'61ectrode inf^rieure ; et une couche d'^iec- 
trode supdrteure (36) fbmr)6e sur la premiere couche 
isolante, Tdlectrode sup^rieure 6tant s6par6e de 
rsiectrode infSrieure par la premiere couche isolante, 
si bien que I*^l6ment programmable est dot6 d'un tra- 
Jet de conduction entre les Electrodes inf^rieure et 
sup^eure lorsqu*une tension susceptible de provo- 
quer une rupture Electrique dans la premiere couche 
isolante est appliquSe entre les Electrodes supErleure 
et lnf§r!eure, 

caractErisd en ce que ladite premiere couche isolante 
(31 ) est constitute d'au moins deux pelllcules (32, 33) 
de matEriaux dlElectrlques, qui sont successlvement 
formEes sur ladite couche d'Electrode InfErieure (34). 
lesdites pelllcules de mat6riaux didlectriques ayant 
des constantes dlElectrlques spEcifiques qui sont res- 
pecth^ement d'rffErentes I'une de Tautre. 

2. Element programmable selon la revendication 
1, oD Tune desdites pelllcules dlElectriques est une 
pellicule de nitrure de slllclum (32). 

3. Qdment programmable selon i'une quelcon- 
que des revendications 1 et 2, oCl I'une desdites pel- 
llcules dlElectriques est une pellicule de dioxyde de 
sliicium (33). 

4. Bdment programmable selon Tune quelcon- 



que des revendications 1 d 3, oO ladite premidre cou- 
che isolante comprend une pellicule de dioxyde de 
sliicium relatlvement mince (33) et une pellicule de 
nitrure de sliicium relatlvement Epaisse (32). 

5 5. Element programmable selon Tune quelcon- 
que des revendications prEcEdentes, oO i'une desdi- 
tes pelllcules dlElectriques est une pellicule de nitrure 
de Sliicium (32) possEdant une Epaisseur comprise 
dans ilntervalle de 5 nm E 20 nm. 

10 6. Element programmable selon I'une queicon- 
que des revendications prEcEdentes, od I'une desdi- 
tes pelllcules dlElectrlques est une pellicule de. 
dioxyde de sliicium (33) ayant une Epaisseur 
comiM-ise dans I'lntervaOe de 0,5 nm E 10 nm. 

15 7. Element programmable selon Tune quelcon- 
que des revendications prEcEdentes, oO ledit substrat 
(35) est un substrat semiconducteur possEdant un 
certain type de conductivity et ladite Electrode infE- 
rieure (34) est une oouche de diffuston d'impuretEfbr- 

20 mEe dans ledit substrat semiconducteur, ladite 
couche de diffusion d'impuretE ayant un type de 
oonductivltE opposE d celui dudit substrat semicon- 
ducteur, et ledit ElEment programmable comprend en 
outre une deuxlEme couche isolante (37) fonmEe sur 

25 ledit substrat semiconducteur, ladite deuxlEme cou- 
che isolante possEdant un trou de contact sElective- 
ment fbrmE dans celle-ci de fagon E exposer ladite 
couche de diffusion d'impuretE (34), ladite premiEra 
couche isolante (31) Etant fonmEe sur ledit trou de 

30 contact de fagon E couvrlr ladite couche de diffusion 
d'impuretE exposEe et ledit trajet de conduction est 
Etabli entre ladite couche de diffusion d'impuretE (34) 
et ladite Electrode supErieure (36) par application 
d'une tension entre celles-ci. 

35 8. ElEment programmable selon la revendication 
7, oO ladite deuxiEme couche isolante (37) est cons- 
tituEe par un venre de phosphosilicate. 

9. ElEment programmable selon Tune quelcon- 
que des revendications 7 et 8, ou ladite couche de dif- 

40 fusion d'impuretE (34) constitue la rEgion de drain 
d'un FET MiS (transistor E effet de champ mEtal-lso- 
lant-semiconducteur) formE dans ledit substrat semi- 
conducteur. 

10. ElEment progranmiable selon Tune quelcon- 
45 que des revendicailons prEcEdentes, oO ladite pre- 

mlEre couche isolante (31) comporte une pellicule de 
nitrure de sliicium (32) et une pellicule de dioxyde de 
slllclum (33), ladite pellicule de nitrure de sliicium (32) 
ayant une Epalsseur plus grande, d'un facteur 
50 compris entre 1 et 40, que celle de ladite pellicule de 
dioxyde de sDlclum (33). 

11. ElEment programmable selon I'une quelcon- 
que des revendications prEcEdentes, oO ladite pre- 
mlEre couche isolante (31) comprend une pellicule de 

65 nitrure de sliicium situEe au-dessous (32) et une pel- 
licule de dioxyde de silicium situEe au-dessus (33). 

12. ElEment programmable selon la revendica- 
tion 11, o£i ladite pellicule de dioxyde de slllclum 
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situ^e au-dessus (33) est formde par oxydation par- 
tlelie de ladite peflicule de nlfnire de sillclum situde 
au-dessous (32). 

13. El^ent programmable selon Tune quelcon- 
que des revendicatfons 1 d 1 0, oi!r ladite premiere cou- s 
che Isolante comprend una pelilcule de dioxyde de 
sillclum situ6e au-dessous et una pellicule de nltrure 

de siilclum situ^e au-dessus. 

14. Eldment programmable selon la revendica- 

tfon 1 3, oil ladite premiere couche isolante comprend io 
en outre une autre pellicule d'oxyde de sillclum for- 
m6e sur fadita pellicule de nltrure de sillclum sltu^e 
au-dessus. 

15. Element programmable selon la revendlca- 

tion 14, oil ladite autre pellicule d'oxyde de silicium se is 
trouvant sur ladite pellicule de nltrure de sillclum est 
formSe par oxydation partlelle de ladite pellicule de 
nltrure de sillclum. 

16. Element programmable selon Tune quelcon- 

que des revendlcations pr6c6dentes, oCi ladite ^leo- 20 
trode sup^rieure (36) est constitute d'un mdtal ou 
d'un alliage de m6tal, comprenant Talumlnlum, le 
mdybddne ou le platlne. 

25 
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FIG. 7 A 
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